In this study, we adapted and tested a participant-aided sociogram approach for the study of the social, sexual, and substance use networks of young men who have sex with men (YMSM); a population of increasing and disproportionate risk of HIV infection. We used a combination of two interviewer-administered procedures: completion of a prenumbered list form to enumerate alters and to capture alter attributes; and a participant-aided sociogram to capture respondent report of interactions between alters on an erasable whiteboard. We followed the collection of alter interactions via the sociogram with a traditional matrix-based tie elicitation approach for a sub-sample of respondents for comparison purposes. Digital photographs of each network drawn on the whiteboard serve as the raw data for entry into a database in which group interactions are stored. Visual feedback of the network was created at the point of data entry, using NetDraw network visualization software for comparison to the network structure elicited via the sociogram. In a sample of 175 YMSM, we found this approach to be feasible and reliable, with high rates of participation among those eligible for the study and substantial agreement between the participant-aided sociogram in comparison to a traditional matrix-based approach. We believe that key strengths of this approach are the engagement and maintenance of participant attention and reduction of participant burden for alter tie elicitation. A key weakness is the challenge of entry of interview-based list form and sociogram data into the database. Our experience suggests that this approach to data collection is feasible and particularly appropriate for an adolescent and young adult population. This builds on and advances visualization-based approaches to social network data collection.
Introduction
In its third decade, the HIV epidemic continues to disproportionately affect men who have sex with men (MSM), but has shifted to increasingly affect young MSM (YMSM). In the United States (US), approximately 49,000 new HIV infections occur each year, with a third of incident cases occurring in youth below the age of 30 (Centers for Disease Control and Prevention, 2013a) . Between 2008 Between -2010 , male-to-male sexual contact accounted for over half of estimated new infections annually; young Black MSM aged 13-24 accounting for more new infections than any other age group or race of MSM (Centers for Disease Control and Prevention, 2013b) . Despite ongoing educational efforts, YMSM continue to engage in high risk sexual behaviors placing them at-risk for HIV (Mustanski, Newcomb, Du Bois, Garcia, & Grov, 2011) .
Thus, over the past two decades a shift has occurred in the study of the epidemiology of sexually transmitted infections from a focus primarily on individual risk factors to a focus which includes characteristics of social and sexual networks (Aral, 1999; Wohlfeiler & Potterat, 2005) . It has been proposed that social networks form part of a web of health causation, with socialstructural conditions affecting the formation of social networks, which in turn transfer their influence to health through several basic pathways: social support, social influence, access to resources, social involvement, and person-to-person contact/contagion (Berkman & Glass, 2000; Smith & Christakis, 2008) . These psychosocial and behavioral processes then impact health through more proximate mechanisms, including psychological stress responses and health behaviors (Berkman & Glass, 2000) . In addition, sexual network ties confer risk for STI/HIV infection through member characteristics and behaviors (Aral, 1999) . Among adolescents and young adults, partner characteristics such as age discordance, previous incarceration, STI diagnosis in the past year, other partners in the past year, and problems with alcohol and drugs have been found to influence individual STI/ HIV risk Newcomb & Mustanski, 2013; Staras, Cook, & Clark, 2009) . Mathematical modeling studies have found that the structural characteristics of sexual networks, including patterns of mixing (Anderson, Gupta, & Ng, 1990) , concurrency (Morris & Kretzschmar, 1997) , and degree (Christley et al., 2005) impact disease spread, and that position within the network influences infection/ transmission (Christley et al., 2005) . While networks in which transmission takes place have a common network structure, the actual level of transmission may be best determined by studying factors specific to a population group (Rothenberg & Muth, 2007) .
Given the epidemic of HIV among YMSM, social network approaches to the study of HIV risk are an important area of focus (Clatts, Goldsamt, Neaigus, & Welle, 2003) , although methods for network data collection developed and tested among YMSM are limited. YMSM constitute an unbounded, hidden, and stigmatized population which present challenges for the collection of network data. While methods of networkbased recruitment, such as respondent-driven sampling (RDS; Heckathorn, 1997 Heckathorn, , 2002 have been developed Methods for Participant-Aided Sociograms for stigmatized and hidden populations and have been implemented with some success to sample MSM (see for example : Iguchi et al., 2009; Ramirez-Valles, Heckathorn, Vazquez, Diaz, & Campbell, 2005; Reisner et al., 2010; Rhodes et al., 2012; Schneider, Michaels, & Bouris, 2012) , RDS was developed specifically for sampling hidden populations, not for the elucidation of the immediate network environment per se (see Dennis et al., 2013 as an exception). Given the unbounded nature of the population, the few studies of YMSM networks that have been completed have used egocentric network approaches Kapadia et al., 2013) . This type of network study is called an "egocentric" study because all network information is derived from respondent, or "ego" perceptions (Marsden, 1990) , rather than from firsthand reports from all individuals in the network.
In this paper, we describe the development and testing of a novel participant-aided sociogram approach for a study of the personal networks of YMSM, assess the feasibility of data collection using this approach, and describe personal network characteristics of the target population. We define social networks as a set of nodes (e.g., persons) linked by a set of social relationships (e.g., friendships) of a specified type (Laumann, Galaskiewicz, & Marsden, 1978) . A sociogram is a diagram used to represent the relationships between individuals in a group (Moreno, 1953) . The sociogram creates a "picture" in which persons are represented as points and relationships are represented by lines between these points.
The sociogram, or network diagram, has become a mainstay of social network visualization (Wasserman & Faust, 1994) ; however, as a key tool of social network analysis, the network diagram has primarily been created after data collection has been completed. This is due in part to the focus in much of network analysis on whole networks, i.e., mapping networks of connections among members of entire populations (Hogan, Carrasco, & Wellman, 2007) . More recently, methods have developed for bringing the sociogram into the data collection process for collection of personal egocentric network data, i.e., in which the respondent (or "ego") provides their direct contacts (or "alters") as well as relationships between those alters (Hogan et al., 2007; Kennedy, Tucker, Green, Golinelli, & Ewing, 2012; Tucker et al., 2012) . This process has advantages, including a high level of participant engagement in the network elicitation process, the immediate visual feedback, and verification of network structure by the respondent and the acceleration of the process of identifying ties between alters (Hogan et al., 2007) .
Traditional approaches to elicit network connections require that the ego identify connections between each pair of alters, which is both labor-intensive for interviewers and tedious for respondents. Hogan and colleagues (2007) for example, developed a method to structure the network data as it is being collected in the form of real-time visualization. In their study of communication media and its impact on personal networks in Canada, a detailed network interview was completed with adults in which network members (i.e., somewhat to very close ties) were generated, names transcribed onto "Post-it" notes, and then arranged on a large sheet of paper. Alter ties were elicited by drawing circles around alters rather than completing all possible pairs. They found that this low-technology and interactive method improved interview quality, and was more time and cost-efficient than traditional matrix-based approaches that seek to capture all alter pairs (Hogan et al., 2007) .
Participant-aided visualization techniques have also been used among adolescent and young adult populations, specifically homeless youth at risk of HIV infection, in which network characteristics and structure are particularly salient (Rice, Barman-Achikari, Milburn, & Monro, 2012) . Among homeless youth seeking services at shelters, drop-in centers, and street venues, Kennedy and colleagues (2012) completed network interviews in which names of social network contacts (i.e., "individual they knew, who knew them, and with whom they had contact during the past year or so") were generated, alter characteristics were elicited, and then a traditional pair-based approach was used to elicit alter ties. Sexual partners were identified from among network members and questions about sexual risk were elicited about each partner. Visualizations of personal networks were then produced immediately using visualization software, and participants were asked to describe distinct clusters of alters (components) as well as alters with no connections (isolates) based on these visualizations. Composite indicators of network structure developed from these techniques were then included in multi-level models to analyze their impact on sexual risk . Tucker and colleagues used a similar name generator in a study of homeless YMSM more specifically, i.e., "name people that you know and who know you and that you had contact with in the past 3 months" to generate a list of network members and elicited the perceived risk behaviors of alters (including sexual risk behavior and alcohol and illicit drug use), however no alter-to-alter ties were elicited, therefore analyses of network structure were limited .
Thus, while participant-aided visualization techniques have been developed for health-related research and utilized with young populations to measure network structure, some evidence suggests that they type of visualization method used is important. For example, McCarthy and colleagues (2007) , among a small sample of adults, compared a freestyle network drawing technique such as that used in the Hogan study (2007) to a visualization approach based on a matrix-based elicitation of ties. Participants were instructed to first name forty-five alters with the instructions: "you know them and they know you, by sight or by name. You have had some contact with them in the past two years -by phone face-to-face, email, mail -and you could contact them again if necessary." Respondents were instructed to create a representation of their network by drawing "social circles" and labeling them to describe each group. Respondents then returned no later than a week later to complete a matrix of pairwise ties, which was mapped using visualization software. Study investigators found that the freestyle drawing often produced fewer and/or more homogenous ties than the visualization based on pairwise ties (McCarty, Molina, Aguilar, & Rota, 2007) . The investigators concluded that cognitive information on social network ties is not stored randomly, but arranged in patterns that aid recall and which correspond to social structure. Because this "shorthand" method of visualization may result in a consolidation of ties and thus a potential loss of data, these results call for further comparison of the two approaches in other populations and within larger samples.
Methods

Participants
In the study described herein, we measured network structure in the context of an ongoing longitudinal study of a syndemic of health issues facing YMSM in Chicago: the nation's third largest city and the epicenter of the HIV/AIDS epidemic in the Midwest. The purpose of the parent study is to characterize the prevalence, course, and predictors of a syndemic of health problems among YMSM. This syndemic includes substance abuse, experiences of violence, sexual risk taking, and internalizing mental health problems, which increases risk for HIV/STIs. We used a modified form of RDS to enroll YMSM between ages 16 and 20 in the parent study .
Participants for the network sub-study were recruited from the parent study at either the 12-or 24-month follow-up visits (i.e., at the 24-month visit if the 12-month visit had already been completed during the period of sub-study) from June 2011-October 2012. We chose these time points for strategic reasons: 1) to allow for sufficient prior interaction/trust-building between the respondent and the research team to facilitate collection of sensitive network-based information and 2) to coincide with HIV and STI testing, which is completed at baseline and 12-month intervals thereafter. The target sample size for the study (N=175) was determined based on an a priori power analysis linked to analysis goals (i.e., for multilevel analyses, see Birkett, Kuhns, Latkin, Muth, & Mustanski, in press; Mustanski, Birkett, Kuhns, Latkin, & Muth, 2014) .
Procedures
Because studying whole networks of YMSM would be impractical given limited resources (Latkin, Forman, Knowlton, & Sherman, 2003; Potterat, Woodhouse, Muth, & et al., 2004) we chose an egocentric or personal network data collection approach, gathering secondhand information about the immediate network environment from the respondents' viewpoint. Similar to prior participant-aided visualization approaches described above, our network data collection procedures included three processes to elicit network-based information. This included asking the respondent to enumerate all persons with whom they have a certain type of connection, to describe characteristics of those individuals, and to describe social, substance use and sexual connections between these individuals. We used a combination of two interviewer-administered procedures to collect these data: 1) completion of a pre-numbered list form (i.e., in paperand-pencil format) to enumerate alters and to capture alter attributes; and 2) a participant-aided sociogram to capture respondent report of interactions between alters (sexual, substance-using, and social networks).
Measures
Name Generators. The enumeration of alters using name generators has been used extensively in network-based approaches (Wasserman & Faust, 1994) and has been found to be reliable for reports of individuals with whom the ego has repeated and salient interactions (Freeman, Romney, & Freeman, 1987) . Our name generators and alter characteristic elicitation questions and procedures were based on prior studies of populations at risk of HIV infection (Auerswald, Muth, Brown, Padian, & Ellen, 2006; Latkin & Knowlton, 2005; Potterat, Rothenberg, & Muth, 1999; Potterat et al., 2004; Rothenberg, Baldwin, Trotter, & Muth, 2001 ). Egos were asked to elicit up to 40 alters on a pre-numbered list form, and provide sufficient identifying characteristics for tracking purposes (e.g., full names or failing that, nicknames or initials). We used a set of name generators to elicit social network members who provide emotional and/or instrumental support, including support for sexual minority-related issues: We also asked whether or not the respondent had used substances with or had sex with any additional individuals not listed, or if they knew of other individuals who had used substances or had sex with two or more network members in order to identify additional substance-using and sexual partners not in the respondents' social network (i.e., to elicit more complete substance-using and sexual networks) and to identify individuals in networks that might be in central positions in terms of sex and substance use behavior, but only weakly tied to the ego. Name Interpreter. We then used a structured name interpreter to elicit demographic and behavioral characteristics of alters. Because signaling to respondents that large amounts of data would be collected on each alter might dampen enthusiasm for providing a complete list of names, we separated the name generator (on page 1 of the list form) from the questions on alter characteristics and relationships (pages 2-4 of the list form). This also facilitated a higher degree of confidentiality; we decoupled alter names from characteristics and securely stored them separately. Alter characteristics and relationships between the ego and alters collected in the name interpreter included: frequency of communication within the last 6 months (0=none to 5=daily), strength of the relationship (1=very close, 2=somewhat close, 3=not at all close), type of relationship (e.g., family member, friend, co-worker), estimated age (in years), race, gender, sexual orientation, and residential location (i.e., nearest cross-streets). We pilot tested use of the list form in multiple modalities and ultimately determined that collecting characteristics alter-wise, rather than questionwise, was more efficient.
In addition to demographic items, we included an additional set of questions regarding sexual and substance-using behavior between the ego and each alter, including: whether or not drugs or alcohol were ever used, frequency of drug or alcohol use in the last 6 months (0=never, 1=1-2 times, 2=once/month or less, 3=2-3 times/month, 4=1-2 times/week, 5=3-5 times/ week, 6=every day/almost every day), substances used in the last 6 months (list of 17 substances including alcohol), sexual contact at any time in the past, date of first/last sex, frequency by type of sex in the last 6 months (i.e., oral, vaginal, anal; 0=never, 1=1-2 times, 2=once/month or less, 3=2-3 times/month, 4=1-2 times/week, 5=3-5 times/ week, 6=every day/almost every day) and frequency of condom use in the last 6 months (1=always, 2=more than half the time, 3=about half the time, 4=less than half the time, 5=never).
Sociogram. After the name generator and name interpreters were completed, each respondent completed a sociogram to identify social, sexual, and substanceusing connections between alters. Whereas Hogan and colleagues used a paper sociogram form with "post-it" notes to indicate alters, we chose a slightly more durable 
*Participant and ego ID and alter initials were changed to protect participant confidentiality. Colors and arrows in participant drawing were used only to distinguish connections between alters (i.e., to facilitate data entry, not to depict different types of connections or directionality). approach using erasable, writable magnets, and an erasable whiteboard (see Figures 1-3) . We made this modification for our young target population because we anticipated more movement of alters around the whiteboard until the respondent settled on positions, and thus a need for more durable materials (i.e., we anticipated post-it notes losing their stickiness with repeated movement). Alter first names and last initial were transferred to numbered "write-on" magnets (i.e., pre-numbered with the corresponding alter identification number on the list form) and placed these on a magnetic whiteboard. Following Hogan's method, we instructed respondents to arrange alters such that those who know each other were placed together, to draw a circle around any group of three or more alters who know each other well (to identify cliques) and to draw a line between any two alters (outside of a clique) who know each other well (to identify dyads). A digital photograph of this social network sociogram was taken (and verified using the view function), the white board was erased, and this process was completed for each of the other networks of interest -the substance-using and sexual networks. In these cases, respondents were directed to draw circles around respondents and lines between respondents who were known to the respondent to have used substances together or had sexual relations.
Database. Data from the name generator, name interpreter, and sociograms were then entered into a database programmed using Visual Basic in Microsoft Access. Groups of interactions depicted on the sociogram (both cliques and dyads) were directly entered into this database, which was programmed to automatically convert the groups to dyadic lists. The database was formatted such that the data entry tabs matched the name generator and name interpreter forms to facilitate data entry. Once names from the list form were initially entered, the remaining database forms were pre-populated with initials to facilitate data entry. Finally, instantaneous visual feedback of the network was provided at the point of data entry, with custom Visual Basic programming creating and launching NetDraw VNA files (Borgatti, 2002) directly from the database, facilitating verification.
Assessment of reliability. Given prior evidence suggesting more comprehensive data elicited via matrix-based visualization versus the freestyle drawing approach cited above, we sought to test the reliability of a freestyle method of tie elicitation in comparison to the matrix-based elicitation. The freestyle drawing approach reflects, in effect, a "shortcut" to tie elicitation: a respondent might forget or otherwise fail to describe ties between individuals when not specifically asked about them. From a classic psychometric theory approach to measurement, measures are reliable to the extent that they are repeatable and free from error when persons, instruments, and conditions vary (Nunnally & Bernstein, 1994) . In this case, we were interested in the consistency of alter-to-alter tie information when elicited using two different instruments -the participant-aided sociogram method and a traditional matrix-based approach. Thus, in a subsample of 52 participants, we assessed the reliability of reported social ties through the sociogram method in comparison to a matrix-based approach. Following initial data collection, we instructed participants to take a 5-10 minute break; we then elicited ties (between alters) using pairwise comparison from a random sample of 5 alters taken from the respondent's list form. We asked respondents to indicate whether each pair of alters was socially connected, i.e., if they knew each other well, if they had a sexual relationship and if they had used substances together. We compared agreement between the two approaches using a coefficient of agreement, Cohen's kappa (Cohen, 1960) , calculated for each respondent with a mean value calculated across all respondents for each type of network.
Results
Study enrollment was completed between June of 2011 and October of 2012. The study protocol was approved by the Institutional Review Boards at each site and respondents were provided with $25 for participation. A total of 204 parent study participants were approached for participation, and 179 (88%) agreed to participate, however, two participants did not show up for scheduled appointments and two were enrolled, but subsequently withdrew. The final sample size was 175 (86%). The reasons cited for non-participation included both logistical issues, e.g., no longer living in the area and scheduling conflicts, but also included lack of interest. The two participants who withdrew cited privacy concerns as their reasons for withdrawal and asked to have any network data destroyed. The demographics of enrollees are parallel to those of the parent study in terms of age, race, and sexual orientation. Participants had a mean age of 20.1 (SD=1.4; range= 17.1 to 23.0) and were majority African American (53.7%) and gay-identified (82.9% identified as completely/mostly gay). Interviews lasted approximately 55 minutes on average (SD=21.5 minutes; range=19-129 minutes).
Name Generator and Alter Distribution
The name generator elicited a total of 2,579 core social network alters within 175 personal networks, with an average of 14.7 alters (SD=8.4; range=3-40) reported per participant (76.1% of all alters named; see Table  1 ). Asking participants to list any additional network members with whom they had sex or used substances (but had not yet named) resulted in generation of 689 (20.3%) more names in the network. When asked about network members not directly tied to the ego, but who had sex or used substances with at least two network alters resulted in the generation of 122 (3.6%) more names (see Figure  4 for a visualization of these ego networks with tie type differentiated by node size). Only one respondent listed the maximum of 40 alters. The initial name generator, "Name the people you are closest to, that is, people you see or talk to regularly and share your personal thoughts and feelings with," elicited the greatest number of responses, 1,008 alters (39.1%), followed by the second question (i.e., Can you think of other people who would give time and energy to help you?"), which generated 645 alters (25.0%). The name generator specific to gay-related support (i.e., Can you think of other people who you could turn to for help or advice about gay-related issues or problems, for example, if you were being harassed?) resulted in 262 additional alters (10.2%). Respondents identified social network alters largely by both first and last name (93.1%), with the next highest percentage being first name only (5.0%). All participants reported at least a first, last, or nickname for social network alters.
Respondents' social network alters included primarily friends (60.0%), followed by family members (23.8%) and those identified as "acquaintance/associate" (4.7%). The strength of relationships was reported to be 'very close' to 'somewhat close' on average (i.e., mean=1.7; SD=0.7; range 1=very close, 3=not at all close). Respondents communicated with members of their networks (in the last 6 months) an average of weekly to a couple of times a monthly (i.e., mean=3.74; SD=1.3; range 0=none, 5=daily).
Alter Characteristics
In terms of age, social network alters were largely in the 19-22 year old age group (46.3%), followed by 23-29 (17.9%); very few alters were 18 or younger (14.4%; see Table 2 ). By race, alters were primarily African American (45.0%), followed by White (23.8%) and Latino (22.1%). Racial homophily across the core networks was 83.0% among African American respondents, 73.0% among Whites and 67.9% among Latinos. Respondents named alters of both sexes (50.7% male) and in terms of sexual orientation, gay (36.8%) or heterosexual (49.7%) alters. Residential location data was provided for the vast Methods for Participant-Aided Sociograms Figure 4 : Ego = dark gray color, node size 4, Social core = node size 3, Sex/substances = node size 2, Sex/substances alters only = node size 1, NB: colors used to differentiate ego networks. 
Reliability of Sociogram vs. Matrix Elicitation of Alters
In our reliability analysis, we found that the coefficient of agreement varied for social network ties in comparison to sex and substance use ties, but all estimates were substantial or nearly perfect according to common criteria (Landis & Koch, 1977) , with overlapping confidence intervals for the social and substance use network reliability, but significantly different reliability for the sexual networks. The overall kappa for all ties was 0.74 (95% CI: 0.69, 0.80), whereas for social network ties it was 0.73 (95% CI: 0.66, 0.80), for substance use ties it was 0.68 (95% CI: 0.58, 0.77), and for sex ties it was 0.95 (0.86, 1.0). Reliability was not related to size of any of the networks (i.e., social, substance use or sexual) or overall network size (r=.039, p=.74). Of note, there are two ways our participant-aided sociogram approach could produce results different from the gold standard matrix-based approach: by producing false negatives or false positives. Our method was slightly more likely to produce false negatives than false positives, i.e., among 1,560 observations (i.e., in the sub-sample in which comparison between methods was analyzed); a failure to report a tie (i.e., in comparison to matrix-based elicitation) was observed in 46 cases and in 42 cases our method resulted in a reported link not reported in the matrix approach. Most false positives were reported among social network ties, whereas most false negatives were reported among substance-use ties. majority of alters (98.9%). A total of 63.4% of alters were reported to live in Chicago and provided data sufficient to determine the community area within the city. Alters living in the city were approximately evenly split in the predominant areas with 35% on the north side, 26.2% on the south side and 35.5% on the west side of the city with very few residing in the city center (3.3%).
Sex and Substance-Using Behavior with Alters
Respondents reporting using substances on average approximately 1-2 times in the last 6 months with 1,914 alters (56.5% of all ties, including sex/drug only and weak ties). The most frequently used substances included alcohol (41.2%), followed by marijuana (22.5%). In terms of sexual behavior, respondents reported having sex with 837 alters (24.7% of all ties, including sex/drug only and weak ties); most frequently male partners (92%). Only 56.0% reported always using a condom during anal sex with male partners in the prior 6 months. 
Discussion
In this study, we sought to adapt and test a participantaided sociogram approach for the study of the social, sexual, and substance use networks of YMSM; to assess the feasibility of data collection using this approach; and to describe personal network characteristics of the target population. In terms of feasibility, we found that potential participants were largely interested in participation (86% agreed to participate and completed interviews) and able to report first and last names of alters (93.1%) as well as sensitive behavior within networks, including substance use and sexual behavior. Only two participants who enrolled in the study later withdrew due to privacy concerns. It should be noted, however, that study participants were already enrolled in the larger parent study and were familiar with the study staff, which likely helped to overcome concerns about providing sensitive information about other individuals in their network. We found the data collected via the sociogram approach to be of substantial reliability in comparison to a traditional matrix based approach, with an overall coefficient of agreement of .74 for all networks (Landis & Koch, 1977) . Reporting of substance use ties in networks was similarly reliable at kappa =.68, while sexual tie reporting was nearly perfect at kappa=.95. The high reliability of sexual ties versus other types of ties may be due to the clear connection reflected in sexual relations versus the more "fuzzy" connection reflected in social ties. The nearly perfect reliability of sexual ties also suggests participants have good memory for reporting sex between alters in their network, and as such they may have a relatively high degree of certainty about these sexual interactions in which they were not directly involved. Similarly to McCarty and colleagues (2007) , we found that the freestyle method of eliciting ties in our participant-aided sociogram method resulted in "false negatives," that is, the failure to report a tie in comparison to the matrix-based elicitation; however this was fairly rare (i.e., 46 of 1,560 observations or 3%). We also found that the sociogram approach resulted in "false positives," that is when a tie was reported via the sociogram, but not in the matrix-based approach (i.e., 42 of 1,560 observations, or 2.7%). The false positives were more common for social ties whereas the false negatives were more common for substance use ties. In this case, the pattern may be less the result of social structural patterns (i.e., as McCarty and colleagues concluded with regard to their sample) and more the result of the relative stigma associated with substance use versus social support, resulting of under-reporting of substance use ties and over-reporting of social ties in a freestyle approach. The overall excellent reliability across types of ties suggests that the more efficient and less burdensome sociogram approach for measuring network structure is a viable alternative to asking participants to report on all ties between alters, especially in light of our recent advances in automating the data conversions to visualization software.
In terms of network size and distribution of alters, social networks were comprised of approximately 15 alters on average, although up to 40 could be listed (only Methods for Participant-Aided Sociograms one participant listed all 40), suggesting that limiting social network member names generated to 20, as was done in prior network studies of homeless youth Tucker et al., 2012) may be a viable option and would further economize the interview process. Approximately 10% of alter names were generated by using a gay-specific name generator, which suggests that a tailored approach to name generators may be important for this population, in particular. Social networks included primarily friends and to a lesser extent family members to whom respondents reported to be quite close emotionally (i.e., very close to somewhat close on average), but with whom they communicated with moderate frequency (i.e., weekly to a couple of times per month on average).
In terms of age and race/ethnicity, alters mirrored egos to a large extent. The majority of social network alters were ages 19-29, with very few alters ages 18 and under. This is an important finding and suggests that many school-age YMSM, i.e., those under age 19 in particular, may be isolated from networks of young adult MSM. This also suggests that studies seeking to recruit adolescent MSM should not rely on young adults for network-based recruitment as there appears to be little bridging across these two developmental groups. Racial homophily was high among all youth with the greatest degree of homophily among African American youth. In terms of gender, approximately half of alters were male and just under half were heterosexual, although a large percentage were reported to be gay (36.8%), as might be expected in a study of YMSM. Given the location of gay ghettos and gay-friendly neighborhoods on Chicago's north side, the fact that alters came from all areas of the city suggests diverse geographic distribution of networks, beyond the most obvious neighborhoods, despite the high level of racial homophily among African America youth in particular.
Substance use between ego and alters was relatively common with egos reporting use of substances with over half of alters, although those substances were largely restricted to alcohol and marijuana and frequency of use was relatively low (i.e., 1-2 times per month on average). Sexual risk behavior between egos and alters was also common, with over half of respondents indicating that they did not use condoms with anal sex partners in the prior 6 months (see Birkett et al., in press and Mustanski et al., 2014 for further description of network factors related to sexual risk in the sample). It is important to note that close to an additional 4 substanceusing and sexual ties were identified outside of the social network, highlighting the lack of complete overlap in these sets of ties.
While relative size of personal networks and their composition was not particularly surprising, we are not aware of similar studies that have attempted to estimate the size and characteristics of these networks among YMSM. An additional strength of this study and an extension of prior work is the efficient collection of information on the characteristics and structure of multiple networks (social, substance use and sexual) via this participant-aided visualization approach. While such analyses are beyond the scope of this paper, these data will allow for future analyses of the role of overlapping components and ties on health outcomes of interest. It is our hope that this study will serve as a reference and resource upon which to build future personal network studies. Our experience demonstrates not only the feasibility of this approach for YMSM, but also the ability to collect large amounts of network data on a population at high risk of HIV infection. While we did not measure satisfaction with the research process, data collection staff reported spontaneous feedback from participants indicating a high level of interest and engagement in the data collection process, particularly with the personal network elicitation on the whiteboard. In addition, staff found this approach straightforward and easy to implement and enjoyed the dynamic interaction with participants. Our experience with this population is consistent with the developmental literature which suggests that the ability to focus, particularly for long periods of time and the ability for complex thinking is still developing (Hunter & Sparrow, 2012) , thus methods to make network data collection efficient, while maintaining validity and reliability, are quite important.
In terms of limitations, all network data was collected in interviewer-administered format, therefore social desirability bias may have been a factor in reporting, particularly reporting of sensitive behaviors. In addition, information on network alters was collected via report by the ego and thus is subject to potential errors associated with proxy reporting. While we sought to maintain the low technology approach of Hogan and colleagues (2007) to increase the generalizability of this method to low resource environments, we recognize that the use of whiteboards may not be easily portable. Therefore, this method, while quite appropriate for remote locations, may not be generalizable when portability is called for in field-based work. Data entry and management was perhaps the most challenging aspect, as this approach relied on paper and whiteboard capture initially, with subsequent computer data entry and verification. In future research on participant-aided visualization approaches, investigators should consider assessing low technology approaches such as those described here in comparison to data capture and visual feedback via electronic devices and software such as EgoNet (McCarty, 2011) and VennMaker (Kronenwett & Duwaerts, 2014) , which automate electronic data collection and visualization, for feasibility and satisfaction as well as reliability and validity, particularly in low resource settings where HIVrelated research is often conducted.
